Sustained dysregulation of blood glucose (hyper-or hypoglycemia) associated with type 1 diabetes (T1D) has been linked to cognitive deficits and altered brain anatomy and connectivity. However, a significant gap remains with respect to how T1D affects spontaneous at-rest connectivity in young developing brains. Here, using a large multisite study, resting-state functional MRI data were examined in young children with T1D (n = 57; mean age = 7.88 years; 27 females) as compared with age-matched control subjects without diabetes (n = 26; mean age = 7.43 years; 14 females). Using both model-driven seedbased analysis and model-free independent component analysis and controlling for age, data acquisition site, and sex, converging results were obtained, suggesting increased connectivity in young children with T1D as compared with control subjects without diabetes. Further, increased connectivity in children with T1D was observed to be positively associated with cognitive functioning. The observed positive association of connectivity with cognitive functioning in T1D, without overall group differences in cognitive function, suggests a putative compensatory role of hyperintrinsic connectivity in the brain in children with this condition. Altogether, our study attempts to fill a critical gap in knowledge regarding how dysglycemia in T1D might affect the brain's intrinsic connectivity at very young ages.
Sustained dysregulation of blood glucose (hyper-or hypoglycemia) associated with type 1 diabetes (T1D) has been linked to cognitive deficits and altered brain anatomy and connectivity. However, a significant gap remains with respect to how T1D affects spontaneous at-rest connectivity in young developing brains. Here, using a large multisite study, resting-state functional MRI data were examined in young children with T1D (n = 57; mean age = 7.88 years; 27 females) as compared with age-matched control subjects without diabetes (n = 26; mean age = 7.43 years; 14 females). Using both model-driven seedbased analysis and model-free independent component analysis and controlling for age, data acquisition site, and sex, converging results were obtained, suggesting increased connectivity in young children with T1D as compared with control subjects without diabetes. Further, increased connectivity in children with T1D was observed to be positively associated with cognitive functioning. The observed positive association of connectivity with cognitive functioning in T1D, without overall group differences in cognitive function, suggests a putative compensatory role of hyperintrinsic connectivity in the brain in children with this condition. Altogether, our study attempts to fill a critical gap in knowledge regarding how dysglycemia in T1D might affect the brain's intrinsic connectivity at very young ages.
Young children with type 1 diabetes (T1D) are particularly susceptible to extreme swings of hyper-and hypoglycemia (dysglycemia) due to their underlying sensitivity to insulin, unpredictable eating and exercise patterns, and inability to reliably communicate signs or symptoms of hypoglycemia. As the brain is reliant on glucose for metabolism, the effect of dysglycemia on brain development and functioning is an area of physiological and clinical interest (1) . Several previous studies have found that individuals diagnosed with T1D at a younger age (;4 years) may be at a greater risk for developing neuropsychological deficits at later ages (2) (3) (4) . Accordingly, better understanding of how dysglycemia can affect brain anatomy and connectivity in very young children might allow clinicians to better identify patients at greatest risk for developing cognitive alterations in the future.
Successfully maintaining control of blood glucose levels requires an effective alliance between interoceptive sensing of changing glycemic levels as well as complex behavioral management strategies by the individual that include awareness of dysglycemic symptoms, motivation, food/ fluid intake, etc. (1) . Thus, different brain functional units must coordinate as networks to mediate the cognitive and behavioral aspects associated with dysglycemia (1) . However, very little is known about the deleterious effects of T1D on this network-level coordinated functioning across brain regions in young children.
Two studies have previously used resting-state functional MRI (rsfMRI) to examine differences in intrinsic (or at-rest) connectivity among brain regions in adults with T1D as compared with control subjects without diabetes (1, 5) . Bolo et al. (1) used a sequential euglycemic-hypoglycemic clamp to examine changes in resting-state functional connectivity (RSFC) associated with experimentally induced hypoglycemia in adults with T1D and control subjects without diabetes. The authors found that during hypoglycemia, adults with T1D showed increased withingroup RSFC in the right prefrontal and insular brain regions. Further, the increased connectivity was positively associated with concurrent higher glycosylated hemoglobin levels. The authors concluded that the increased RSFC in prefrontal and insular regions could reflect the brain's adaptive response to chronic hyperglycemia in adults with T1D (1).
In another study, van Duinkerken et al. (5) examined the alterations in RSFC in adults with T1D as compared with adults without diabetes and how these alterations vary with disease progression (i.e., degree of microangiopathy). As compared with control subjects, individuals with T1D without microangiopathy showed increased connectivity in networks involved in the motor and visual processes, whereas individuals with T1D with microangiopathy demonstrated decreased connectivity in similar networks. Further, increased connectivity in the group with T1D was associated with better information processing speed and general cognitive ability (5) . Taken together, in adults with T1D, in the early stages of disease progression (i.e., prior to microangiopathy), increased RSFC was observed. But in the later stages of disease progression (i.e., after microangiopathy), reduced RSFC was observed. Whether alterations in connectivity would be observed in children with T1D has not been previously studied; thus, a significant knowledge gap remains with respect to how T1D affects functional connectivity in young developing brains.
Here, we examined how early-onset T1D in young children (ages 4-11 years) affects RSFC relative to ageand sex-matched individuals without diabetes. Group differences in RSFC were examined using both model-driven seed-based analysis and model-free independent component analysis (ICA). For the seed-based analysis, seed locations were selected a priori based on recent work from our group showing that gray matter volumes in the right lingual gyrus and left prefrontal cortex best differentiated young children with T1D and individuals without diabetes (6) . Given the correspondence between structural topology and network dynamics in the brain (7), we hypothesized that the previously observed gray matter morphometric changes would be associated with functional connectivity differences in young children with T1D. For the ICA, group differences in connectivity within and between large-scale brain networks were assessed. To better understand the effects of T1D on RSFC in young children relative to adults, we examined RSFC within large-scale resting-state networks (RSNs) previously investigated in adults with T1D (1,5). In addition to this primary analysis, we examined alterations in between-network connectivity associated with T1D in children. To our knowledge, alterations in between-network connectivity have not been previously investigated in T1D. Overall, we predicted that dysglycemia in young children with T1D would be associated with aberrant within-and between-network connectivity.
RESEARCH DESIGN AND METHODS

Participants and Recruitment
Children were recruited for this study at five clinical centers in the Diabetes Research in Children Network (DirecNet) consortium (Nemours Children's Clinic, Stanford University, University of Iowa, Washington University in St. Louis, and Yale University). The institutional review board at each participating center approved the study protocol. Informed written consent was obtained from the parent or legal guardian of all participants, and verbal assent was obtained from study participants as per local guidelines. Eligibility and exclusion criteria are provided in the Supplementary Data.
Cognitive Testing and Blood Glucose Measurement
Trained examiners collected data on intelligence quotients (IQs) using the age-appropriate Wechsler Preschool and Primary Scale of Intelligence, the Wechsler Intelligence Scale for Children IV, or the Wechsler Adult Intelligence Scale test for parents (8) (9) (10) . Cognitive results for fullscale IQ and composite neuropsychological assessments were converted to normalized z scores (Table 1) . Within the group with T1D, before or near the time of magnetic resonance (MR) scan, a blood sample was collected to measure HbA 1c values using the DCA Vantage (Siemans Medical Solutions) or similar local point of care device. Details regarding the assessment of cognitive function (including IQ) and measurement of blood glucose levels (HbA 1c ) have been described previously (11, 12) . For participants with T1D, blood glucose concentrations were required to be between 70 and 300 mg/dL at the time of both imaging and cognitive assessments (four blood glucose levels were tested: 2 h, 1 h, and just before and right after assessment using a finger stick on a home glucose meter). All participants were monitored for symptoms of hypoglycemia throughout the assessments. Insulin or food was given to titrate blood glucose levels as needed. Every 3 months, during clinic visits, parents completed a survey regarding severe hypoglycemia events (see Mazaika et al. [12] and Cato et al. [13] for more details).
MR Data Acquisition
Unsedated MRI was performed on a Siemens 3T Tim Trio using a standard 12-channel head coil. All six imaging sites had the same scanner hardware, and an identical imaging protocol was uploaded to every scanner. Sagittal T1 images of the brain were acquired using an MP-RAGE pulse sequence with the following parameters: repetition time (TR) = 2,300 ms, echo time (TE) = 2.98 ms, inversion time (TI) = 900 ms, flip angle = 9°, slice thickness = 1 mm, field of view (FOV) = 25.6 cm 3 24 cm, 160 slices, matrix = 256 3 256, voxel size = 1.0 3 1.0 3 1.0 mm, and duration = 4:54 min. A gradient echo imaging pulse sequence was used to acquire 5 min 50 s of rsfMRI data (T2*-weighted images) with the following parameters: TR = 2,000 ms, TE = 27 ms, flip angle = 80°, FOV = 22 cm 3 22 cm, 33 slices, matrix = 74 3 74, voxel size = 3 3 3 3 4 mm, and duration = 5:50 min.
Data Preprocessing
Standard rsfMRI preprocessing was performed using the Configurable Pipeline for the Analysis of Connectomes (C-PAC version 0.3.4; http://fcp-indi.github.io/docs/user/ index.html). Preprocessing included discarding the first 10 volumes (or TRs) of data for signal stabilization, slice timing correction, motion correction (FSL MCFLIRT), skull stripping (FSL BET), grand mean scaling, spatial smoothing (FWHM 4 mm), and temporal band-pass filter (0.01 Hz , f , 0.1 Hz). Additionally, nuisance signal correction was done on the data by regressing out 1) linear and quadratic trends, 2) mean time series from the white matter (WM) and the cerebrospinal fluid, 3) 24 motion parameters obtained by motion correction (the 6 motion parameters of the current volume and the preceding volume plus each of these values squared), and 4) signals extracted using the CompCor algorithm (14) .
To ensure that group differences in RSFC are not influenced by spurious motion-related noise, scrubbing ("censuring") was performed (15) (16) (17) . Frame-wise displacement (FD) and DVARS (D referring to temporal derivative of time course, VARS referring to RMS variance over voxels) were used in union to censure data points. In addition, to accommodate temporal smoothing of blood oxygen leveldependent data, we also marked one back and two forward frames from any marked frames where the FD/DVARS threshold (determined using fsl_motion_outliers command) was crossed. No group differences were observed for any of the following metrics: 1) total number of outlier frames, 2) mean FD after scrubbing, and 3) duration of "clean" (after scrubbing) resting-state data (see Table 1 ).
Seed-Based Connectivity Analysis
Extracted time series from the two seed locations were modeled with the general linear model analysis using the FMRI Expert Analysis Tool (FEAT). For the group-level comparisons, age, sex, and data acquisition site location were used as covariates of no interest. Group-level maps were cluster corrected using a standard value of z = 2.3 and family-wise error P , 0.05. For details, see Supplementary Data.
ICA-Based Within-and Between-Network Connectivity Analysis
Using group ICA and dual regression methodology (18), we examined short-range (or within network) RSFC differences associated with T1D within large-scale brain networks. This analysis involves three main steps. First, data-driven spatial maps were created by running group ICA (18) on temporally concatenated data from an equal number of participants from both groups. To reduce the bias from the fact that the number of participants in the group with T1D was twice that in the control group without diabetes, we randomly selected 26 participants from the group with T1D to match the number of participants in the control group without diabetes. Second, the group ICA components were then dual regressed into the subject space for all 83 subjects (18) . Third, we examined withinnetwork connectivity differences in 10 large-brain brain networks (including the dorsal attention network [DAN] and ventral attention network [VAN]) associated with T1D. Group-level analysis was performed by contrasting subject-specific spatial maps for the 10 large-scale networks, while controlling for age, sex, and data acquisition site location. To determine significant group differences, FSL's randomize permutation tool was used; it uses a threshold-free cluster enhancement (TFCE) procedure at a family-wise error (P , 0.05) with 10,000 iterations (19) . For details, see Supplementary Data.
As an exploratory analysis, we also examined differences in between-network connectivity across all the networks identified by the probabilistic group ICA (using FSLNets version 0.6). Out of the 66 components derived from the probabilistic group ICA, 18 were deemed bad based on their topographic location (e.g., in WM or outside of the brain) and power spectra (e.g., flat power spectra depicting white noise). On the basis of previous work (20) , partial correlation (regularized with r = 0.01) was used to estimate the 48 3 48 connectivity matrix. After estimating this matrix for each participant, group-wise differences were estimated (while controlling for age, sex, and data acquisition site location) using FSL's randomize tool with TFCE. Correlation analyses were conducted for each group using Spearman r. Variance associated with age and sex was removed from performance scores using regression analysis before correlating with the neuroimaging variables.
RESULTS
Seed-Based Connectivity Analysis
For seed-based analysis, we chose brain regions previously shown to be associated with glycemic dysregulation in T1D. Specifically, a priori seed locations were chosen in the left prefrontal cortex (Montreal Neurological Institute [MNI] coordinates: 228, 40, 33) and right lingual gyrus (MNI coordinates: 14, 253, 0) (6). While controlling for age, sex, and data acquisition site location, converging evidence of increased connectivity in individuals with T1D was observed across both seed locations ( Fig. 1 and Table 2 ). Increased seed-based connectivity was observed in young children with T1D (as compared with control subjects) between the right lingual gyrus seed and left precuneus, bilateral thalamus, left lateral occipital cortex, and right angular gyrus. Similarly, in children with T1D, increased connectivity was observed between the left prefrontal seed and left planum polare, insular cortex, and temporal pole.
Within-Network Connectivity Analysis
Using group ICA and dual regression, we examined RSFC differences associated with T1D within large-scale brain networks. On the basis of previous work in adults with T1D (1,5), we specifically examined within-network (or short-range) connectivity in 10 RSNs, namely, the DAN and VAN, default mode network, salience network, auditory network, primary and secondary visual networks, sensory motor network, and bilateral fronto-parietal networks.
In line with the seed-based connectivity analysis, increased within-network connectivity was also observed in children with T1D as compared with control subjects without diabetes while controlling for age, sex, and data acquisition site location in one of the 10 networks. Specifically, within-network connectivity within the DAN was significantly higher in children with T1D in the region of right superior parietal lobule (peak MNI coordinates: 21, 254, 48; P = 0.024, Student t test value = 3.45) (Fig. 2) . No other network was observed to be significantly different between the two groups. Figure 1 -Results from the seed-based connectivity analysis using seeds in the right lingual gyrus (R. Lingual Gy.) and left prefrontal (L. Prefrontal) cortex. Increased connectivity in children with T1D as compared with control subjects without diabetes (ND) was observed using both seeds. Group differences in connectivity are overlaid on the MNI-152 average brain. Color bars represent standard clustercorrected z stats (using threshold of z = 2.3) at family-wise error P < 0.05. Warm color scale (red to yellow) indicates T1D > ND, whereas cool color scale (blue to green) represents ND > T1D.
Between-Network Connectivity Analysis
As none of the previous studies have examined such between-network long-range connectivity in individuals with T1D, as an exploratory analysis, we examined differences across 48 networks (see RESEARCH DESIGN AND METHODS). Increased between-network connectivity between the basal ganglia and auditory large-scale networks was observed in young children with T1D as compared with control subjects without diabetes (FDR-corrected P = 0.023; uncorrected P , 0.0002) (Fig. 2) , while controlling for age, sex, and data acquisition site location as nuisance variables.
Correlation Between Connectivity Differences and Cognitive and Glycemic Metrics
As an exploratory post hoc analysis, we examined whether the observed increase in connectivity in children with T1D was associated with cognitive functioning and glycemic variables. We examined the association between individual connectivity estimates from seed-based and ICA-based analyses with cognitive function scores and HbA 1c levels. Figure 3 shows scatter plots of these associations.
To reduce the number of overall correlations (and possible impact of multiple comparisons), for each seed location, mean connectivity was estimated across all brain regions where the group differences were observed. Thus, for seed-based analysis, we had two connectivity estimates for each of the seeds per participant. These connectivity estimates were examined for correlations with HbA 1c levels and performance on four cognitive domains, including intelligence (IQ ), executive functioning, learning and memory, and processing speed (13) .
Within group, increased seed-based connectivity in children with T1D for a seed in the left prefrontal cortex was positively associated with performance on executive functioning (r = 0.27, P = 0.04) and processing speed domains (r = 0.32, P = 0.015). Similarly, increased seedbased connectivity in children with T1D for a seed in the right lingual gyrus was positively associated with performance on the cognitive domain of learning and memory (r = 0.34, P = 0.01). No significant associations between connectivity estimates and cognitive performance were observed in the control group. To estimate the significance of between-group differences in correlation coefficients, Fisher r-to-z transformation was performed. The between-group differences in correlation coefficients were not significant for any of the four associations found within the group with T1D (all P . 0.05). Further, no significant associations between connectivity estimates and HbA 1c values were found in the group with T1D.
Altogether, increased connectivity was observed in children with T1D (as compared with control subjects without diabetes) using both seed-and ICA-based analysis. The observed increase in connectivity is correlated with behavioral performance within the group with T1D.
DISCUSSION
This large multisite study examined, for the first time, the differences in RSFC in young children with T1D as compared with age-matched control subjects without diabetes. Across different analytic approaches for assessing RSFC, converging evidence indicated hyper-(or increased) connectivity in children with T1D. The increase in connectivity was observed across several cortical and subcortical regions, including the prefrontal cortex, insula, cingulate gyrus, thalamus, and DAN. Additionally, the increase in connectivity estimates was found to be positively associated with cognitive functioning in children with T1D.
Several plausible mechanisms may account for the increased intrinsic connectivity observed in young children with T1D. For example, increased connectivity in young children with T1D could be due to the antagonistic nature of RSNs. Evidence suggests that the task-positive (i.e., DAN) and task-negative (i.e., default mode network) RSNs are inversely correlated (21) . Thus, an increase in connectivity in one RSN could be a reaction to loss in connectivity elsewhere. In our data, we mostly observed increases in intrinsic connectivity in children with T1D, with the exception of reduced seed-based connectivity between a right lingual gyrus seed and bilateral precentral gyrus. To our knowledge, there is no known inverse correlation between intrinsic activity in the precentral gyrus and other regions of the brain. Thus, it is unlikely that the observed significant increases in connectivity in children with T1D were associated with loss in connectivity elsewhere. Another, and most likely, explanation could be that increased connectivity is a sign of functional reorganization of the brain (5, 22) . Such functional reorganization has previously been thought of as a compensatory mechanism in response to aberrations in brain structure. Such reorganization theoretically occurs by means of increased activation and/or synchronization of specific brain regions or networks (22). Previous work in examining resting-state networks in other clinical populations has shown a similar increase in RSFC in the early stages of brain disorders (23, 24) . Interestingly, the functional reorganization and resulting changes in RSFC are considered an early and finite phenomenon, as the compensatory changes are eventually lost with disease progression (23) . We have previously reported significant early aberrations in brain anatomy (both gray matter volume and WM connectivity) in young children with T1D (6, 25) . Further, we also assessed differences in cognitive functioning in children with T1D as compared with control subjects without diabetes (13) . As previously reported, no significant differences in cognitive functioning were observed between the groups across domains of executive functioning, learning, and memory as well as processing speed (13) .
In the current study, which uses a subset of participants from the same cohort as previous publications, we also report no significant cognitive functioning differences between the groups (Table 1) . However, within the group with T1D, increased connectivity between the prefrontal seed region and insular-temporal regions was positively associated with cognitive performance in executive functioning and processing speed. Further, increased A and B) and between-network (C) connectivity analysis. A: The DAN, extracted using group ICA, is overlaid on the average MNI-152 brain in red color. Within DAN, significant group differences were observed for a cluster encompassing the region of right superior parietal lobule (peak MNI coordinates: 21, 254, 48; P = 0.024, Student t test value = 3.45) in the direction of T1D > ND (shown in blue color). No group differences were observed for within-DAN connectivity in the reverse direction (i.e., ND > T1D). B: Within-DAN group differences on a three-dimensional rendering of the MNI-152 brain. C: Group differences for the between-network (or long-range) connectivity. Group differences in between-network connectivity were examined for all combinations of RSNs extracted using group ICA (corrected for multiple comparisons; see RESEARCH DESIGN AND METHODS). Out of all between-network connectivity examinations, two networks (auditory and basal ganglia) were found to be significantly different between groups (FDRcorrected P = 0.02). Participants with T1D had significantly higher between-network connectivity than control subjects without diabetes for the auditory and basal ganglia resting-state networks. ND, subjects without diabetes.
connectivity associated with seed regions from the lingual gyrus was positively related to performance in the cognitive domain of learning and memory in the group with T1D. Lack of decline in cognitive functioning in young children with T1D and positive associations between hyperconnectivity and cognitive performance in different domains suggest that increased connectivity could be compensatory and due to functional reorganization. It will be of great interest and clinical importance to follow both the cognitive and imaging parameters of our cohort over time.
A hypothesis of functional reorganization also potentially explains previous results on differences in RSFC (1,5) as well as in task-related activation (26) in adults with T1D. van Duinkerken et al. (5) concluded that reduction in RSFC with advanced disease progression could be a consequence of failing functional reorganization. Bolo et al. (1) experimentally induced hypoglycemia in adults with T1D and control subjects without diabetes and showed a temporary increase in connectivity in the right prefrontal and insular regions within the group with T1D. Although their study used a small sample size (n = 16) and wide age range (19-46 years) of participants with T1D, the data suggest that increased RSFC in prefrontal and insular regions could reflect the brain's adaptive reorganization to offset the effects of chronic glycemic dysregulation in individuals with this condition (1) .
The examination of differences in within-network connectivity associated with T1D in adults by van Duinkerken et al. (5) showed reduced within-network connectivity for the VAN in patients with microangiopathy as compared with control subjects without diabetes. We did not observe T1D-related differences in the VAN in young children with T1D. This contrast is, however, in accordance with the van Duinkerken study, because the VAN-related differences were seen mostly in the advanced stages of the disease. With regard to the DAN, it is unclear why the T1D-associated differences observed in our young cohort were not observed in adults with T1D (5). Previous work has suggested developmentally related enhanced within-network connectivity in young children's DAN as compared with adults (27) . Thus, it is plausible that the differences observed in the DAN in young children with T1D could be partially due to their developmental stage. Future research is needed to parse these developmentally related differences with that of functional reorganization due to T1D.
Although increased seed-based connectivity in the group with T1D was significantly correlated with cognitive functioning, no significant associations were observed between cognition and increased connectivity observed using ICA. It is possible that the increase in within-network connectivity (i.e., within DAN) is also associated with functional reorganization of the brain and that the absence of a significant association with cognition is due to a lack of statistical power. Another plausible explanation for the lack of such an association could be that as multiple brain networks interact to facilitate complex cognitive behavior, connectivity differences in one network alone may not directly relate to cognitive outcomes.
As an exploratory analysis, we also examined differences in between-network connectivity in the two groups. Using a rigorous multiple comparison correction, significant between-group differences were observed for internetwork connectivity between the basal ganglia and auditory restingstate networks. The direction of connectivity differences is in line with other results in this article, i.e., increased connectivity associated with T1D. Previous research has separately reported the effects of diabetes on basal ganglia activation (26) as well as auditory functioning (28, 29) . However, to our knowledge, none of the previous studies reported diabetes-related differences in connectivity between the basal ganglia and auditory resting-state networks. Emerging evidence from human neuroimaging suggests that the basal ganglia facilitate auditory perceptual processing through an auditory-cortico-striatal loop (30) . Lasagni et al. (31) recently reported subclinical abnormalities in qualitative auditory perception, despite normal hearing, in young adults with T1D. Thus, it is plausible to speculate that the observed increase in internetwork connectivity between auditory and basal ganglia networks in young children could also be related to functional reorganization, where the enhanced connectivity with basal ganglia could be facilitating compensation toward diabetes-related alterations in auditory functioning.
A few limitations of our work should be noted. First, although our results are based on a relatively large sample size for each group, unequal group sizes could impact ICAbased connectivity results by biasing group ICA maps. We addressed this limitation by including an equal number of participants from both groups for creating group ICA maps. Second, several factors are known to confound connectivity results, namely, age, sex, intersite differences, IQ, cognitive functioning, blood pressure, depressive symptoms, etc. Our groups either were matched for these confounding factors (e.g., for age and sex) or were not statistically different (e.g., for IQ and cognitive functioning). Additionally, we included factors of age, sex, and MR data acquisition location as a covariate of no interest in analyses. Third, the connectivity estimates are known to be affected by head movements during data collection, especially in children (15) . We used state-of-the-art motion correction approaches, as explained in detail in RESEARCH DESIGN AND METHODS, to reduce the effect of head movement in estimating connectivity. Finally, the between-group differences for correlation coefficients between connectivity estimates and cognitive markers were not significant. One potential cause for the lack of such between-group differences could be a relatively small group size of participants without diabetes. To better mine potential relations between the blood glucose-related variables (and other sensory data) and rsfMRI connectivity in the future, we plan to use advanced machine learning methods like canonical correlation analysis (32) .
In conclusion, we present differences in RSFC in very young children with T1D compared with age-and sexmatched control subjects without diabetes. Our results provide preliminary evidence for functional brain reorganization in young children with T1D. The observed hyperconnectivity might play a compensatory role in provisionally offsetting the adverse effects of T1D in the brain at a young age. As no differences in cognitive functioning have been observed in our cohort with T1D relative to control subjects without diabetes, it is possible that functional connectivity can be used as a biomarker of adaptation to disease progression. Ongoing, long-term longitudinal studies are underway to better understand the role of changes in RSFC across development and life span in children with T1D.
